ABSTRACT
INTRODUCTION
Chronic malnutrition among children can be a consequence of socio-biological processes within which different factors are interrelated. A low height-for-age or stunting is a chronic condition, an underlying cause of child morbidity and mortality in Nepal, India and other developing countries. [1] [2] [3] [4] [5] . As Nepal Micronutrient Status Survey (NMSS) reported, 54% of children below five years of age were stunted in 1998. 6 Although stunting is in decreasing trend over the
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among less than five years children was estimated at 65.5% and severe stunting at 32.9%. 9 The slow reduction of stunting indicates that identification of risk factors of stunting and action taken to prevent them may be an important step in Nepal. However, very few community-based studies have been conducted in Nepal with this purpose.
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METHODS
A community based case control study was conducted in Latikoili VDC of Surkhet district, mid-west Nepal from August to September 2010. The children of 6-59 months age and their mothers were taken as a study population by matching age and community among cases and controls. The proposal was approved by ethical review committee of Department of Community Medicine and Public Health, Institute of Medicine, Kathmandu. Verbal consent was obtained from each respondent after explaining the objectives and methods of the study. Children older than six months were included because this is the minimum age to expose to external factors and is the average age of weaning. If there were more than one eligible child in the family, the oldest one was selected. Child with physical disability was excluded from the study.
Case and control definition was ascertained by using the height-for-age indicator according to WHO new child growth standards 2006. The criterion for cases (stunting) was: Z-value less than -2 standard deviations (SDs) below the median height-for-age. Controls were children without stunting: Z-value equal to or above -2 SDs in families that had no stunted children.
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The sample size was calculated using Epi Info (3.5.1) statcalc with following values based on a study: confidence level = 95%, power (1-β) = 80%, case control ratio = 1:1, expected frequency of exposure in not ill = 50.7%, odds ratio = 2.31. 3 The total sample size was 212 i.e. Cases=106 and control= 106. Assuming 15% non response rate, 244 respondents (122 cases and 122 controls) were approached for study. Among 244 children that were approached for study, eight questionnaires were incomplete and not included in analysis. Finally, there were 236 children in the study (118 cases and 118 controls) ( fig.1 ).
Systematic random sampling method was applied to identify the required sample size. Out of nine wards, five wards (ward no. 1, 2, 3, 8, and 9) were selected randomly. First of all, the list of households having children age 6-59 months was taken from VDC office and Health Post. Total numbers of households having children 6-59 months were 934. Then sampling interval 'k' was calculated dividing the total numbers of households (934) by required sample size (236). The first household was taken randomly and every fourth household (kth) was identified.
Data collection technique was interview and anthropometric measurement of height or length of children. Pretesting of the tools was carried out to ensure reliability. Precision in age was maintained as it was calculated for nearest month and height of children was measured to the nearest 0.1 cm for the precision of the results. The preferred respondents were mothers of children between 6 to 59 months. Data was collected by direct involvement of researcher through house to house visit. The height was measured by using a measuring tape for children aged 25-59 months while the length was measured by using a portable calibrated board for children aged 6-24 months.
First the subject was assessed for stunting. The interviewer measured and recorded the length/height of each child aged between 6 to 59 months. Mother of stunted children was interviewed as cases and mother of children without stunting was interviewed as controls about the past exposure. The same questionnaire for cases and controls was used to collect data.
Analysis was carried out at two levels. Firstly, a bivariate analysis was performed to determine the differentials of under-five stunting by explanatory variables. Chi-square test was performed to test the existence of significant association between stunting and selected risk factors. Secondly, the significant variables (p-value < 0.05) observed in bivariate analysis were included in multivariate analysis. Logistic regression model was applied to examine independent associations between explanatory variables and a binary dependent variable (stunting). The statistical analysis was carried out using SPSS 17.0. Hosmer and Lemeshow chi-square test was applied to test the logistic regression model for goodness of fit.
RESULTS
Higher proportion (41.5%) of children under study was in the age group 19-36 months followed by the age group 37-59 and 6-18 months. Age group of cases and controls were more or less similar. Mean age of cases and controls were 29.4±15.5 and 30.3±15.2 months respectively. The cases were 56.8% male and 43.2% female for the study.
More than one fifths of mothers (21.6%) were illiterate. Illiterate mothers were higher among cases than in controls. Majority of mothers, 53.4% of the cases and 38.1% of controls were housewife and about one fifth (20.3%) were engaged in small business. The percentage of mothers who were involved in agriculture and service was similar; 11.9% each, which is followed by daily labour (10.2%). Janjatis were high (41.5%) that included about 38% Tharus in study area. Second largest group of ethnicity was upper caste (Brahmin/Chhetri) (33.1%) which was followed by Dalit (25.4%). Proportion of Dalit was higher among cases than in controls.
Families with poor economic status were higher among cases (62.7%) than controls (39.8%). Most of the families (65.3%) with cases had no food security compared with the families (35.6%) having controls (table 1) .
Bivariate analysis revealed strong association of stunting with feeding practices of children like exclusive breast feeding, food diversity and complementary feeding of the children. Childhood diseases like Acute Respiratory Infection and diarrhea were also found associated with childhood stunting. Among the socio-economic indicators, risk of stunting was five times higher among the children whose mothers did not have any earning compared to those who had earning. In bivariate analysis, low birth weight of the child, illiteracy of mothers, food securities in the family were found as risk factor for stunting (table 2) . Table 3 presents the final explanatory model of stunting Table 1 . Socio-demographic and economic characteristics of the study population.
Characteristics Cases (%) n=118
Controls (%) n=118
Total (%) n= 236
Age of children (months) Earning of mother was associated with stunting status of children (OR=3.11, 95% CI 1.26-7.65). Demographic and Health Surveys of 11 out of 36 focus countries showed that in most countries the poor children have about twice as much stunting as the wealthier children. 14 NDHS has also shown that children in the highest wealth quintile are least likely to be stunted. 8 A study showed that the standard of living scores were strongly related to underweight and stunting in both the bivariate and the multiple regression analyses. 10 These results suggest that low income has undesirable outcome.
Food security was an important risk factor for stunting and statistically significant in subsequent multivariate analysis. The families with no food security were 4.26 times higher in the cases than in controls. Similarly, more food insecure households had low monthly income, no electricity or toilet facility and less household durable assets. 15 It was found that food security was associated with earning status of mother and economic status of family, that eventually associated with stunting status of children. The child being cared for most of the time by other family members was at 3 fold higher risk for stunting as compared to care provided by mothers. A case control study conducted in Mexico has shown that the care exclusively provided by mother had a protective effect for stunting. 5 Effect of post-natal care, place of delivery, delivery assisted by health worker and immunization in children was not as much high as that of other studies. 4, 16 Health service utilization can make a difference in the nutritional status of children, it might be due to that mothers are aware of importance of good nutrition and increasing frequency of the health seeking behavior during illness.
Most of the respondents (84.7%) used solid fuel for cooking and about 46% respondents had no improved cooking
Characteristics
Cases n=118
Controls n=118
Total (%) n=236
Unadjusted OR (95% C I) Mothers having no earning was higher among stunted children as compared to not stunted (OR=3.11, 95% CI 1.26-7.65). The odds of getting stunting was 4.26 times higher among food insecure families than in food secure families (OR=4.26, 95% CI 1.73-10.45). The care-taker of children other than mother was found risk factor for stunting (OR=3.02, 95% CI 1.19-7.70). No ventilation in kitchen was significantly higher among cases as compared to controls (OR=3.85, 95% CI 1.59-9.35). It was also found that exposure of pesticide to the children was statistically significant with stunting (OR=3.51, CI 1.33-9.23).
Complementary feeding of the children less than 4 times a day was higher among the cases than controls (OR=3.60, 95% CI 1.32-9.95). Minimum dietary diversity below the standard of WHO was also a risk factor for stunting among the children (OR=4.06, 95% CI 1.70-9.67).
DISCUSSION
Although this study did not show any significant association of stunting with sex of child, few studies conducted in Ethiopia and Nepal showed significant relationship between stunting and sex of children. 3, 13 The illiteracy was 3.84 times higher among the mothers of cases than those of controls (OR=3.84 95% CI 1.92-7.68). NDHS and a cross-sectional study in eastern Terai, Nepal has shown the percentage of children stunted decreases as mother's stove. Effect for these factors found in bivariate analysis disappeared in multivariate analysis. Having no ventilation of kitchen was found independent risk factor of stunting (OR=3.85, 95% CI 1.59-9.35). A study showed that indoor air pollution reduces the O 2 delivery to placenta and fetal uptake that result the low birth weight and length. 17 By this result it can be concluded that no ventilation in the kitchen is independent to cause stunting even the fuel is gas or biogas and stove is improved. But this result should be cautiously interpreted because the study hasn't identified the level of exposure of children to indoor air pollution. About 14% respondents did not use toilet and practicing open defecation but it was not associated with stunting. However a study in Uganda showed the relationship between latrine use and stunting. The household with no latrine had more likely stunted children than those who had. 18 An interesting finding in this study was the relationship between exposure to pesticides and children's stunting status. About 65% of respondents used pesticides in their vegetable garden or cultivated land and 36% of mother and children were exposed to pesticides. The exposure of pesticides was 3.51 times higher among stunted children as compared to not stunted (OR=3.51, CI 1.33-9.23). A study conducted in Andes showed that deficits in protein, thiamin and riboflavin intake were more prevalent in communities with more intensive use of pesticides than those with less. Across all intensities, frequent use of highly hazardous pesticides was associated with adverse health effects and nutritional status of people. 19 This study further explored that inappropriate infant and young child feeding practices were the key factors for child stunting. Inappropriate exclusive breast feeding was 6.9 times higher among the cases than in controls (OR=6.90, 95% CI 2.81-16.97). Studies conducted in Libiya and Nepal showed infants who were exclusively breast-fed either less than six months or more than eight months were more likely to be underweight and stunting. Longer breast feeding was associated with both moderate and severe stunting. 4, 10 It has been found that complementary feeding to the children less than 4 times a day was 3.6 times higher among the cases than in controls. Similarly, dietary diversity below WHO standard was significantly higher among the stunting children even after controlling for other important variables in the multivariate regression analysis (OR=4.06, 95% CI 1.70-9.67). A case control study in Vietnam showed that after adjusting for other factors in the model, children whose mothers inappropriately provided food to them had a 1.9 times greater risk of getting stunted than those whose mothers fed them appropriately. 20 These findings suggest that child feeding practices can make a difference in stunting status of children.
This study showed that more than half of children (53.4%) were small or low weight at birth, among them 66.6% were stunted. Low birth weight or 'small at birth' were 4.47 times more in stunted children than those of not stunted.
But in subsequent multivariate analysis the association was not seen. Studies conducted in Libiya, Vietnam and Nepal found a relationship between birth weight and nutritional status of children. Children who were low weight at birth or 'small at birth' were significantly more likely to be stunted than normal weight and 'size' at birth. 4, 10, 20 This study found that ARI was not significantly associated with stunting while adjusting the possible risk factors but getting diarrhea one or more times in past two months was 7.46 times higher among cases as compared to controls after adjusting confounding variables (OR=7.46, 95% CI 2.98-18.65). There may be the question of temporality for ARI and diarrhea, but the surrounding environment and social context where child grows up were the factors for ARI and diarrhoea among children. It was ensured during the study that those factors were embodied since many years in these settings resulting recurrent diarrhoea. Studies done in Libiya and Ethiopia have also showed that incidence of diarrhea was positively and significantly associated with stunting. 3, 4 This might be due to reduced appetite, less quantity of fluids and foods given during diarrhea and other sickness.
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The limitation of the study is that whether wasting and underweight were among the controls was not clarified. It is a relatively long period to expect people to remember details of initiation of breast feeding and whether or not colostrums feeding, but the recall problem hopefully was of nondifferential nature. Exposure of pesticide and indoor air pollution was only based on the verbal expression, the level of concentration of exposure was not measured.
CONCLUSION
Socio-economic risk factors for stunting comprised mothers without earning, food deficit families and care taker of the children other than mother. Environmental risk factors for stunting consisted of kitchen without ventilation and children exposed to pesticide. Inappropriate feeding practices were identified as major risk factor for stunting. Childhood disease such as diarrhea was found significantly associated with stunting. All these factors should be taken into consideration to address stunting in the community. This study suggests that the role of the mother is important as primary caregiver for young children to ensure nutrition and prevent from environmental hazards and childhood diseases.
